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| INTRODUC TI ON
The perioperative period is a stressful time for most patients undergoing surgery, especially children. It is estimated that 50%-75% of children undergoing surgery experience significant anguish and anxiety throughout the entire perioperative period.
1 Anxiety can lead to negative behavior manifestations postoperatively, with 54% of children exhibiting negative behavior manifestations 2 weeks postsurgery and 20% continuing to show them for 6 months.
2
Numerous studies have examined the effects of various factors on postoperative anxiety and negative behavior manifestations.
These factors include the child's and parents' preoperative anxiety, the child's temperament, previous hospitalization for surgery, length of hospitalization, preoperative preparation and medications, the kind of anesthetic drugs used, the presence of parents during the induction of anesthesia, and the child's experience in the postanesthetic care unit (PACU). [2] [3] [4] [5] [6] [7] It is imperative to investigate ways to address perioperative anxiety, especially as some pediatric patients display significant postoperative anxiety. 8 The administration of anxiolytic premedication has focused on patients' preoperative stress, but postoperative recovery has become increasingly important and should be considered when anesthesiologists decide to prescribe premedication. 9 A study by LaMontagne et al concluded that improved medication management during the preoperative period should achieve better outcomes in young patients including decreased preoperative and postoperative anxiety.
10
The most common medication for reducing preoperative anxiety in children is midazolam, which has a rapid onset and limited duration of action. 11 However, midazolam is not an ideal drug because it has several undesirable effects, including postoperative behavioral changes, restlessness, cognitive impairment, paradoxical reactions, and respiratory depression. 12 Moreover, it is ineffective in preventing emergence agitation (EA) and emergence delirium (ED) in children. 13 Therefore, more appropriate preoperative medications are needed to improve the perioperative safety and comfort of children.
Dexmedetomidine is a highly specific a 2 -adrenergic receptor agonist that has numerous applications. Studies have demonstrated that dexmedetomidine premedication effectively decreases children's separation anxiety, promotes the acceptance of mask induction, 14, 15 and provides good postoperative analgesia, which reduces the need for opioids. 16, 17 A single intravenous (IV) injection of dexmedetomidine before surgery also decreases the frequency of EA and ED during the first 2 hours postoperatively. 18, 19 However, the postoperative anxiolytic effects of dexmedetomidine have not been examined in pediatric patients.
We hypothesized that in children undergoing outpatient surgery, a single IV dose of dexmedetomidine before anesthesia would be associated with less postoperative anxiety than a single dose of midazolam.
| MATERIAL S AND ME THODS

| Patient selection
We conducted a double-blind, randomized controlled trial (RCT) at Hunan Children's Hospital in China. Written informed consent was obtained from parents and verbal consent was obtained from each child.
A total of 90 6-11-year-old children were enrolled in the study, What is already known
• Dexmedetomidine premedication effectively decreases children's preoperative anxiety.
What this article adds
• Dexmedetomidine premedication effectively decreases children's postoperative anxiety.
or analgesic drugs, a past history of surgery or anesthesia, current upper respiratory infections, asthma, developmental delay, psychological diagnosis requiring active treatment, or congenital or neurological diseases (Appendix S2).
| Study design
The children were randomly assigned to two groups using a computer-generated random numbers table: Group M (n = 45) and
Group D (n = 45). An anesthesia nurse not involved in the experiment prepared the drugs, and the surgeons, anesthetists, children, and parents were blind to group allocation. Operations were performed by a surgical team that included three pediatric surgeons (Appendix S1).
Pain was measured after surgery with a visual analogue scale (VAS), ranging from 0 (no discomfort and no pain) to 10 (high discomfort and maximum pain). Patient satisfaction was measured after surgery using a numerical rating scale (NRS), ranging from 0 (least satisfied) to 10 (most satisfied). Both scales were explained to the children and their parents during a preoperative visit.
All children followed the ASA fasting guidelines. 20 On the day of surgery, an IV line was inserted under local anesthesia while the child was in a hospital ward; the child went to a preanesthesia holding room approximately 20 minutes before surgery, accompanied by one parent. Prior to receiving premedication, blood pressure, ECG, oxygen saturation (SPO 2 ), and heart rate (HR) were measured and monitored continuously. 
| Anesthesia and analgesia procedures
All anesthesia procedures were performed by the same two attending anesthesiologists using sufentanyl 0.2 μg/kg, inhalation of sevoflurane (4%-6%) in oxygen at 6 L/min for induction, and IV injections of 0.01 mg/kg phencyclidine.
A laryngeal mask airway was placed after induction with spontaneous ventilation maintained. Carbon dioxide partial pressure (P ET CO 2 ) was monitored. If P ET CO 2 reached 60 mm Hg and SpO 2 decreased, assisted ventilation was given. Anesthesia was maintained by inhalation of oxygen-sevoflurane 2 L/min, which was regulated according to the depth of anesthesia, and monitored throughout the operation to keep the Narctrend index between 40 and 60.
Lactated Ringer's solution (10 mL/kg/h) was administered intraoperatively for fluid maintenance. The intraoperative HR and MAP were controlled within a 30% variation around the baseline levels with atropine and vasoactive drugs.
The inhalation of sevoflurane was stopped and IV infusion of sufentanyl was administered at a dose of 0.05 μg/kg/h for postoperative analgesia after surgery. The laryngeal mask was removed in the OR when P ET CO2 ≤ 50 mm Hg.
The children were transferred to the PACU (which took <1 minute in all cases), where they were monitored. When the Aldrete score reached 10 (full recovery from sedation), they were discharged from the PACU and transferred to the ward. The children were discharged from the hospital within 24 hours.
| Monitoring hemodynamic changes
Systolic blood pressure (SBP), diastolic blood pressure (DBP), and
HR were recorded at seven time points: T0 = prior to midazolam/ dexmedetomidine infusion; T1 = 5 minutes after transfer to the OR; T2 = 5 minutes after laryngeal mask insertion; T3 = 5 minutes after surgery initiation; T4 = 5 minutes after laryngeal mask removal; T5 = 5 minutes after transfer to the PACU; and T6 = at PACU discharge.
| Assessment of anxiety
The An anesthesiologist, blind to group assignment, assessed anxiety during a preoperative interview, 5 minutes after drug administration (in the preanesthesia holding room), before the child was brought to the OR, and 2 hours and 4 hours postoperatively. All research team members were trained in data collection and scoring the tools to ensure inter-rater reliability.
| Obtaining postoperative VAS and NRS scores
The anesthesiologist who assessed anxiety also recorded children's VAS scores 2 hours and 4 hours postoperatively. The VAS and NRS scores at 1 day, 1 week, and 1 month postoperatively were obtained by telephone follow-up.
| Statistical analyses
The data are expressed as the mean ± standard deviation (SD), median, interquartile range (IQR), or numbers. The m-YPAS, VAS, and NRS scores were analyzed using the Kruskal-Wallis test. Age, weight, surgery duration, HR, SBP, and DBP were analyzed using two-sample t-tests. Gender was analyzed by the χ 2 test. Statistical analyses were performed using SPSS 19.0 (SPSS, Institute). P-values < 0.05
were considered statistically significant. Table 1 shows the characteristics of the study participants. There were no significant differences in the demographics and the duration of the operations between the two groups. All patients were discharged as scheduled without any complications. Figure 1 shows the preoperative hemodynamics of the two groups were similar at baseline, and decreased significantly in both groups after administration of sedative drugs. 
| Children's characteristics
| Hemodynamic variations
| Anxiety
The children's m-YPAS scores are shown in Table 2 . 
| Pain and satisfaction
The children's pain scores and satisfaction scores are shown in Table 2 . 
| D ISCUSS I ON
This study was undertaken to evaluate the use of a single dose of dexmedetomidine, preoperatively, to relieve postoperative anxiety in children undergoing surgery. Children given preoperative dexmedetomidine had significantly lower anxiety in the postoperative period, compared with those given midazolam.
A meta-analysis of RCTs concluded that dexmedetomidine effectively decreased separation anxiety and postoperative agitation, and provided more effective postoperative analgesia than midazolam. After sedation, blood pressure and heart rate decreased significantly in both groups. When the children were fully awake and discharged from the PACU, the blood pressure and HR in group D were significantly lower than those in group M, which could be due to direct dexmedetomidine effect or less anxiety.
The pain scores of the dexmedetomidine group were lower than those of the midazolam group at 2 hours, 4 hours, and 1 day postoperatively, but there were no differences, 1 week and 1 month postoperatively. Children in dexmedetomidine group were more satisfied 1 day and somewhat more satisfied 1 week postoperatively than children in the midazolam group. Anxiety decreases when there is an increase in satisfaction. 25 A comparison of satisfaction and pain scores on 1 week postoperatively indicates that the difference in scores may be related to anxiety besides pain and there may be other factors affecting postoperative anxiety besides pain.
| S TUDY LIMITATI ON S
This study has several limitations. First, the child's temperament and parental demographic, psychosocial, and other variables that can affect postoperative anxiety, were not assessed. The second is the timing and dose of drug administration. Dexmedetomidine probably did not reach its peak effect when the children entered the OR and the midazolam dose might not have been equipotent to the dexmedetomidine dose. Third, we used the m-YPAS, which is not validated for postoperative anxiety in children, as no such validated scale is available.
Moreover, anxiety was only assessed twice postoperatively and these assessments might not have reflected the children's long-term status.
| CON CLUS ION
Our study demonstrates that dexmedetomidine, compared with midazolam, as premedication, can lower postoperative anxiety in children undergoing same-day surgery.
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